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This paper describes an analytical methodology employing the extraction QuEChERS (Quick, Easy, Cheap,
Effective, Robust and Safe) method and liquid chromatography coupled to mass spectrometry using
electrospray ionization source (LCeESIeMS/MS). The methodology was validated for the determination
of twenty multiclass pesticides in cashew. It was evaluated for selectivity, linearity, limits of detection
(LOD) and quantiﬁcation (LOQ), matrix effect, as well as the precision and accuracy in terms of per-
centage of recovery. Analyses were performed by selected reaction monitoring (SRM) using two tran-
sitions (precursor ion / ion product). All pesticides studied showed good linearity with correlation
coefﬁcient greater than 0.99. LODs and LOQs ranged from 0.10 to 0.25 ng g1 and 0.30 to 0.75 ng g1,
respectively. Due to the complexity of the sample, study the effect matrix was performed. Cashew apples
samples spiked (5, 50 and 100 ng g1) showed recovery results ranging from 66 to 119 g/100 g, and
RSD  12%, which is in accordance with standard recommended by Brazilian rules (ABNT NBR 14029/
2005), except simazine. The validated method was applied to commercial samples obtained in Fortaleza-
CE, Brazil, but no contamination of pesticides residues was observed.
© 2014 Elsevier Ltd. All rights reserved.1. Introduction
Cashew is a typical fruit of Northeast Brazil, which has great
economic and social importance. This region represents 95% of
national production, and states of Ceara, Piaui, Rio Grande do Norte
and Bahia are major producers.
Various types of products can be obtained from the cashew
apples, such as juices, soft drinks, jams, jellies, dried fruit and pulp.
Cashew nuts also have great economic importance: most of its
production in Brazil is aimed at international markets, mainly the
United States and Canada. The cashew industry worldwide gener-
ates about 2.4 billion dollars per year (EMBRAPA, 2013).
In recent years there has been a growing concern regarding the
presence of pesticide residues in food and water, due to possiblex: þ55 85 3366 9982.
aldo.nascimento@pq.cnpq.bradverse health effects to humans (Milhome, Sousa, Lima, &
Nascimento, 2009). In Brazil, the National Agency for Sanitary
Surveillance e ANVISA establishes maximum residue limits (MRLs)
for various types of food (ANVISA, 2009). Recently, some pesticides
have been banned after revaluation process of 14 active ingredients.
The frequent changes in the manufacture of pesticides and the
discovery of new active ingredients of different classes make it
difﬁcult to monitor and control such residues, requiring constant
improvement of the performance of analytical methods (Milhome,
Sousa, Keukeleire, & Nascimento, 2011).
Traditionally the analysis of pesticide residues in different
matrices (water, soil, food, human serum) are performed using
chromatographic techniques (Carneiro et al., 2013; García-Reyes,
Hernando, Molina-Díaz, & Fernandez-Alba, 2007; Inoue et al.,
2007). At Chromatography Coupled Mass Spectrometry has been
applied frequently to multiresidue analysis with high efﬁciency
(Kujawski & Namiesnik, 2011; Masia et al., 2013; Pang et al., 2006).
Electrospray ionization method has the major advantage des-
olvation at relatively low temperatures (typically room
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Lago, 2003; Núnez, Moyano, & Galceran, 2005). A method by
liquid chromatographyeelectrospray ionizationetandem mass
spectrometry (LCeESIeMSeMS) was developed by Venkateswarlu,
Mohan, Kumar, and Seshaiah (2007) for the analysis of 10 pesticide
residues in grape samples. Kruve, Kunnapas, Herodes, and Leito
(2008) used electrospray ionization interface to evaluate the ma-
trix effect of 14 pesticides in fruits and vegetables. Benincasa, Perri,
Iannotta, and Scalercio (2011) validated LC/ESIeMS/MS method for
the identiﬁcation and quantiﬁcation of spinosad residues in olive
oils.
QuEChERS method (Quick, Easy, Cheap, Effective, Rugged, Safe),
proposed by Anastassiades, Lehotay, Tajnbaher, and Schenck (2003)
has been satisfactorily applied a wide variety of analytes including
polar, semi-polar and non-polar pesticide residues in various food
matrices (Lehotay et al., 2010; Sousa et al., 2013; Wilkowska &
Biziuk, 2011). Some studies suggest modiﬁcations of the original
procedure in the area of food (Prestes, Friggi, Adaime, & Zanella,
2009; Rodrigues, Caldas, Furlong, Primel, & Zanella, 2011). Four
different procedures for extraction and clean-up based on quechers
method were compared by Pareja, Cesio, Heinzen, and Fernandez-
Alba (2011) for the development and optimization analysis multi-
residue 16 pesticides applied to crops of rice using LCeMS/MS.
Kwon, Lehotay, and Geis-Asteggiante (2012), studied the effect
matrix of 38 pesticides in samples of rice, apple, orange, and
spinach using QuEChERS method extraction and analysis by
LCeMS/MS and low pressure GCeMS.
Matrices like cashew apple have certain particularities, such as
presence of phenolic compounds (0.1e0.3 mg/100 g), acidity
(0.3e0.5 mg/100 g), and high sugar content (8e11mg/100 g) which
can inﬂuence the process of extraction of contaminants (Maia,
Sousa Filho, Figueiredo, & Brasil, 2004). Thus, this study aims to
evaluate a methodology for multiresidue pesticides in pulp cashew
using the QuEChERS method, which is the extraction method
currently most used worldwide, for analysis of twenty pesticides
allowed or not in the culture of cashew.
2. Materials and methods
2.1. Chemicals and reagents
Methanol and acetonitrile (pesticide grade) were purchased
from Merck (Brazil). The reagents anhydrous magnesium sulphate
P.A. (Vetec, Brazil), sodium chloride P.A. (Vetec, Brazil), trisodium
citrate dihydrate P.A. (Vetec, Brazil), sodium hydrogen citrate ses-
quihydrate P.A (SigmaeAldrich, Brazil), Bondesil Primary/Second-
ary Amine (PSA) 40 mm (Supelco, EUA) were of analytical grade.
Certiﬁed standards for 20 pesticides studied were purchased
from SigmaeAldrich (Brazil) and Dr. Ehrenstorfer (Brazil). All the
standards had purities exceeding 97.0%. Stock solutions were pre-
pared in methanol or acetone, at 1000 mg mL1. Intermediate so-
lution containing the twenty pesticides was prepared in methanol
at 1 mg mL1. This solution was used to obtain the analytical curves
in the solvent (methanol) and matrix-matched standard.
2.2. Samples extraction and clean-up procedures
The cashew samples were purchased at supermarkets in For-
taleza, Ceara, Brazil, obtained from ﬁve different suppliers. Twenty
types of pesticides commonly applied in tropical fruits of north-
eastern Brazil were monitored (Milhome et al., 2009). Pesticides
residues were analyzed based on QuEChERS method described by
Anastassiades et al. (2003).
Initially cashew nuts were removed from the fruit and cashew
apple was separated, crushed and homogenized in an industrialblender. For extraction, 10.0 g of cashew apple homogenates were
weighed into a 50 mL polypropylene centrifuge tube, 10 mL of
acetonitrile were added and the solutionwas stirred for 1min using
a vortex mixer. Then, 4.0 g of anhydrous magnesium sulphate
(MgSO4), 1.0 g sodium chloride (NaCl), 1.0 g trisodium citrate
dihydrate and 0.5 g disodium hydrogen citrate sesquihydrate were
added to the tube and the solution was stirred again (1 min), fol-
lowed by centrifugation (centrifuge FANEN, Brazil) for 10 min
(2.607 XG).
Aliquot of 2 mL of the extract were transferred to 15 mL poly-
propylene centrifuge tube containing 600 mg of anhydrous MgSO4
and 100 mg of PSA. The extract was maintained under agitation for
1 min. After centrifugation for 10 min aliquot of 2.0 mL of extract
was removed and 10 mL of solution 50 g L1 formic acid in aceto-
nitrile was added. The ﬁnal solutions were ﬁltered through PTFE
ﬁlters one 0.25 mm and injected into the LCeESIeMSeMS system
(Thermo, USA).
2.3. LCeESIeMS/MS analysis
For chromatographic analysis was performed using a liquid
chromatograph coupled to a triple quadrupole mass spectrometer
and interface by electrospray (LCeESIeMS/MS), TSQ Quantum Ac-
cess, Thermo Scientiﬁc. The separationwas performed using an Ace
C-18 column (150 mm  2.1 mm id  3.0 mm, particle size) at
ambient temperature. It was used as mobile phase methanol in
1 g L1 formic acid (solvent A) and 5 mmol L1 ammonium acetate
in 1 g L1 formic acid (solvent B), which established the following
gradient: initially with 30:70 (A/B) linear ramp to 90:10 (A/B) was
8.0 min and remained at that rate until 18 min and then returning
to the initial conditions in 7 min, with a total time of 25 min. The
mobile phase ﬂow rate was maintained at 0.3 mL min1 and the
injection volume was 20 mL.
The MS parameters were optimized by infusions of solutions of
individual pesticides (10 mg mL1) directly into the mass spec-
trometer. Nitrogenwas used as desolvation gas with ﬂow 100 L h1
and Argon was used as collision gas with ﬂow 10 mL min1. The
Table 1 shows precursor and products ions monitored and collision
energies used in the method chromatographic by selected reaction
monitoring (SRM)modewith positive ionization. XCalibur software
was used for qualitative and quantitative analysis. A product ion
most abundant (1st transition) was selected for quantiﬁcation by
themethod of external standard and the 2nd transitionwas used as
a qualitative ion.
2.4. Method validation
Twenty pesticides were analyzed in cashew matrix by method
QuEChERS and LCeMS/MS. Validation parameters (linearity, LOD,
LOQ, effect matrix, accuracy and precision) were determined ac-
cording to ABNT NBR 14029 (2005) and guidelines SANCO
(European Commission, 2009).
2.4.1. Linearity and matrix effect
The evaluation of the range of linearity and calibration curves
were established by injecting a standard solution containing the 20
pesticides in concentrations ranging from 0.5 to 200 ng g1. Stan-
dard solutions prepared in organic solvent (methanol) and also in
blank cashew extract, at the concentrations 0.5, 1.0, 5.0, 10.0, 50.0,
100.0 and 200.0 ng g1, where it was injected in triplicate.
Matrix effect was evaluated by comparison of the detector re-
sponses from standard solutions of pesticides in a solvent (meth-
anol) with that cashew apple matrix, at seven concentration levels.
Thus, it was possible to observe an increase or decrease in detector
response, which corresponds to the positive or negative effect of
Table 1
Summary of Retention Time (RT), transitions andMS operating parameters (Collision Energye CE and Tube Lense TL) selected for the analysis of pesticides by LCeESIeMS/MS,
positive mode.
N Pesticide RT (min) Molar mass
(g mol1)
1st transition (quantitation) 2nd transition (qualitative)
Precursor
ion
Product
ion
CE (v) TL (v) Precursor
ion
Product ion CE (v) TL (v)
1 Cyromazine 1.27 166.1 167.1 85.2 17 93 167.1 125.2 17 93
2 Acephate 1.43 183.1 184.1 143.1 5 110 184.1 125.1 17 110
3 Clothianidin 3.10 249.7 250.6 169.1 12 102 250.0 132 14 102
4 Thiamethoxam 8.98 291.7 292.7 211.1 13 137 292.1 181.2 23 137
5 Imidacloprid 9.61 255.6 256.6 209.2 16 104 256.1 175.2 19 104
6 Trichlorfon 10.1 257.4 273.9 257.0 9 106 273.9 221.0 15 106
7 Acetamiprid 10.3 222.6 223.6 126.1 20 96 223.1 90.2 33 96
8 Simazine 13.1 201.6 202.1 132.2 17 106 202.1 124.2 16 106
9 Cyproconazole 13.48 291.7 292.1 125.1 31 94 292.1 70.2 18 94
10 Kresoxim-methyl 13.57 313.2 314.2 222.2 11 97 314.2 235.2 17 97
11 Imazalil 14.90 297.1 297.1 159.1 23 93 297.1 201.1 18 93
12 Metalaxyl 15.11 279.2 280.2 220.2 13 81 279.2 160.2 24 81
13 Ametryn 15.34 227.1 228.1 186.2 18 86 227.1 96.2 26 86
14 Azoxystrobin 17.10 403.4 404.2 372.3 13 91 403.2 344.3 24 91
15 Propiconazole 17.92 341.2 342.2 159.1 31 117 342.2 187.1 22 117
16 Propanil 18.22 217.1 218.1 162.1 13 118 217.1 127.2 24 118
17 Boscalid 18.68 343.2 345.1 307.2 18 85 345.1 271.4 18 85
18 Alachlor 20.22 269.2 270.2 238.3 5 82 270.2 162.3 18 82
19 Fenarimol 21.44 330.1 331.1 268.2 22 107 331.1 259.1 24 107
20 Buprofezin 23.13 305.2 306.2 201.2 11 85 306.2 106.2 31 85
Fig. 1. Matrix effects of the 20 multi-class pesticides in the cashew matrix analyzed by
LCeESIeMS/MS.
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about 20%, it can be generally considered to have a signiﬁcant effect
on the quantitative analysis.
2.4.2. LOD and LOQ, accuracy and precision (recovery experiments)
Limit of detection (LOD) and Limit of quantiﬁcation (LOQ) were
estimated in the SRM mode analysis as the lowest concentration
injected that yielded S/N ratio of three and ten, respectively.
Recovery experiments aimed at determining the accuracy of
method by comparison the concentration of each pesticide
measured after extraction procedurewith the known concentration
of pesticide initially spiked in matrix.
Accuracy of the method was performed with ﬁve replicates of
blank samples spiked with pesticides at 5, 50 and 100 ng g1.
Precision was evaluated through the relative standard deviation
(RSD, %) associated to measurements of the pesticide performed
during recovery analyses.
3. Results and discussion
3.1. Method validation
3.1.1. Linearity and matrix effect
According to the results, the compounds showed good response
in the range 0.5e200 ng g1. Therefore the method is selective,
showing good linearity, expressed by the values of R2 > 0.99. The
results (Fig. 1) indicate that the matrix cashew inﬂuences the signal
of the compounds examined. A strong matrix effect, resulting in
serious suppression of signal (more than 50% reduction) was
observed for trichlorfon. Increase in signal response was more
intense in pesticides acetamiprid, buprofezin and propanil. The
signal responses for the other pesticides were slightly enhanced or
suppressed due to the matrix effect.
The increase of the signal response was also observed by
Vukovic, Shtereva, Bursic, Mladenova, and Lazic (2012) to analyze
28 pesticides by LCeMS/MS, except for the active ingredients
myclobutanil and triadimefon. The detector response for metalaxyl
and triadimenol were signiﬁcantly enhanced by matrix based on
pear (matrix effect were 30.8% and 33.9%, respectively). Matrix ef-
fect was also observed by Kwon et al. (2012) for different analytes infood, such as orange and rice. According to study, apple and
spinach, showed matrix effect less intense.
An alternative adopted to effect control matrix consists of
diluting the sample, but causes a decrease in sensitivity of the
method. This option has been successfully applied in routine
analysis (Pizzutti et al., 2007).
3.1.2. LODs, LOQs, precision and accuracy
The values for LOD and LOQ, recovery (g/100 g) and relative
standard deviations (RSD, %) of each pesticide.
LODs and LOQs ranged from 0.1 to 0.25 ng g1 and 0.30 to
0.75 ng g1. Lower values were veriﬁed in the pesticides cyproco-
nazole, imazalil and boscalid.
Among the compounds studied, the MAPA establishes
MRL ¼ 0.1 mg kg1 for the pesticide trichlorfon, for cashews crops
(MAPA, 2014). However ANVISA, since 2008, requested reevalua-
tion process toxicological (RDC No. 10/2008) and products on the
basis of active ingredient trichlorfon were banned. For other pes-
ticides still have no MRL to the cashew crop. The EU recommended
limit of 20 mg kg1 trichlorfon in cashew nuts (European Union,
2012).
Table 2
Limit of detection (LOD), Limit of quantitation (LOQ) and recovery (g/100 g) and RSD (n ¼ 5) of 20 pesticides in cashew apples matrices spiked with 5, 50 and 100 ng g1.
N Pesticide LOD (ng g1) LOQ (ng g1) 5 ng g1 50 ng g1 100 ng g1
Recovery (g/100 g) RSD (%) Recovery (g/100 g) RSD (%) Recovery (g/100 g) RSD (%)
1 Cyromazine 0.2 0.7 78 3.4 70 3.0 107 5.5
2 Acephate 0.2 0.7 75 8.4 104 11.8 81 6.0
3 Clothianidin 0.2 0.7 67 5.1 75 3.0 101 3.0
4 Thiamethoxam 0.2 0.7 75 3.1 96 5.2 85 7.4
5 Imidacloprid 0.2 0.7 110 3.6 103 5.5 78 3.3
6 Trichlorfon 0.2 0.7 110 4.0 66 6.2 85 9.8
7 Acetamiprid 0.2 0.7 106 5.8 106 6.1 113 10.9
8 Simazine 0.2 0.7 102 8.9 119 2.2 119 4.5
9 Cyproconazole 0.1 0.3 89 1.2 71 1.3 81 1.3
10 Kresoxim-methyl 0.2 0.7 71 2.8 82. 6.9 96 2.9
11 Imazalil 0.1 0.3 80 4.8 116 4.5 112 5.0
12 Metalaxyl 0.2 0.7 83 7.3 103 9.0 93 7.7
13 Ametryn 0.2 0.7 92 12.2 104 7.4 94 7.1
14 Azoxystrobin 0.2 0.7 79 1.5 104 2.8 109 1.9
15 Propiconazole 0.2 0.7 73 5.4 70 4.2 79 6.4
16 Propanil 0.2 0.7 80 1.2 101 2.1 82 1.7
17 Boscalid 0.1 0.3 79 1.6 98 5.7 74 1.3
18 Alachlor 0.2 0.7 76 8.5 107 10.6 109 12.6
19 Fenarimol 0.2 0.7 114 1.1 112 1.5 111 2.0
20 Buprofezin 0.2 0.7 88 8.3 104 5.9 107 6.6
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5, 50 and 100 ng g1, according to results of Table 2.
The twenty pesticides analyzed showed recovery ranging from
67 to 119 g/100 g and RSD between 1 and 13%. According to
Document SANCO/10684/2009, the accuracy is consideredFig. 2. Selected reaction monitoring (SRM) chromatogram of boscalidsatisfactory with recovery of 70e120% and RSD 20% (European
Commission, 2009). In the Brazil, the ABNT NBR 14029: 2005 rec-
ommends values of recoveries should be between 60% and 115%
and RSD  15%. The results of the accuracy and precision were
satisfactory to all pesticides studied, according the criteria(A) blank cashew extract (B) cashew sample spiked 50 ng g1.
R. de Oliveira Silva et al. / LWT - Food Science and Technology 59 (2014) 21e25 25established in Brazil. However, some compounds such as cypro-
conazole, kresoxim-methyl, propiconazole and boscalid showed
low recovery percentages (<70 g/100 g) in at least one of the
concentration levels and it was considered unsatisfactory by EU.
Fig. 2 compares the chromatograms of boscalid in (A) blank
cashew extract and (B) cashew sample spiked 50 ng g1.
Pizzutti et al. (2007) used acetone-based extraction and LCeMS/
MS positive and negative electrospray ionization (ESI) mode to
validate 169 pesticides in soybean. About 70% of pesticides analyzed
showedacceptability criteria of recovery (70e120%) andRSD (20%),
at one or more of the three levels studied (10, 50, 100 mg kg1).
The developed method was applied to the determination of
pesticide residues in ﬁve samples cashew sold in Fortaleza. In none
of the samples was veriﬁed presence of pesticide residues.
4. Conclusion
The method by LCeESIeMS/MS was suitable technique for
qualitative and quantitative analysis of pesticide residues in
cashew. The linearity and selectivity were satisfactory for the 20
multi-class pesticides. The LODs and LOQs were below the LRMs
established in Brazil. Strong matrix effect was observed for
trichlorfon. The method showed acceptable precision and accuracy
(ABNT NBR 14029/2005). No residual pesticide was detected in
samples of commercial cashew. The method can be efﬁciently
applied to increase scope analysis of monitoring programs and
improve food security.
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